Abstract
Introduction

67
Alzheimer's disease (AD) is the most common form of dementia in the elderly, and as there 68 are currently no effective treatments, AD is one of the leading contributors to global disease 69 burden. Genetic mapping approaches such as genome wide association studies (GWAS) have 70 uncovered clusters of AD susceptibility genes involved in endocytic and microglial pathways 71 associated with the development of late onset AD (LOAD) [1] [2] [3] [4] was highly expressed in a1, a2 and o2 AD subclusters (Fig. 3c, k) . Conversely, the glutamate 243 transporter, encoded by GRID1, which has been linked to schizophrenia 40 , was specifically 244 increased in o2 but downregulated in the a1 subcluster (Fig. 3k) . Therefore, the specific 245 differential expression patterns shown here for the above examples can inform targeted 246 functional studies to regulate these genes in specific subcellular compartments in AD brain.
247
Beyond subcluster-specific gene expression changes in AD, our data also provide insights into 248 the molecular nature of cellular heterogeneity in AD patient brains. With respect to neuronal 249 subclusters mapped onto excitatory and inhibitory neurons (Extended data Fig. 3 
269
In the case of oligodendrocytes, our data revealed that while the control oligodendrocyte 270 subclusters (o5 and o6) are composed of a mixture of cells originating from all samples ( Fig.   271 3i-j), the AD-specific o1-3 subclusters distinctly cluster by sample and are segregated in both
272
UMAP space and in terms of ontological features ( Fig. 3i-l evidence, a number of previously described microglia-specific GWAS genes showed highly 291 specific expression in microglia in our dataset, including INPP5D, HLA−DRB5, PLCG2,
292
HLA−DRB1, CSF3R and MS4A6A (Fig. 4a, left panel) . In addition, we detected two 293 microglia-specific GWAS genes not previously associated with microglia, RIN3 and TBXAS1
294
( Fig. 4a, left 
339
Together, our data uncover cell subcluster-specific expression patterns of APOE in human AD 340 brains, the combined and cell-specific consequences of which warrant further examination in 341 iPSC-derived and mouse models of AD pathogenesis.
342
We also detected instances where GWAS genes showed coordinated up-or down-regulation 343 in multiple AD cell subclusters. After APOE, the most strongly associated genetic risk factor 344 for LOAD, BIN1, was specifically increased in AD subclusters a1 and n1 ( Fig. 4c-d nodes (e.g., TF) connecting pathways to genetic susceptibility (e.g., GWAS genes) to disease 487 in specific cell populations.
13
We anticipate that our resource will stimulate and allow further discoveries in many different 489 areas (Table 1) as exemplified by our work. Connecting genetic susceptibility to specific regulatory programs and cell transitions in AD Fig. 4b , up to the top 3 genes with the highest absolute logFC for each 681 subcluster were plotted for each cell type.
682
Functional annotation of GRN
683
Functional annotation of TFEB networks Enrichment of the pruned TFEB networks for 684 specified transitions -a3 to a1, a6 to a1, a7 to a1, and a8 to a1 -was performed using moduleGO Benjamini-Hochberg (BH) method 79 .
689
Functional annotation of top GRN networks Enrichment of the pruned GRN networks was 690 performed using the same procedure described in "Functional annotation of TFEB networks".
691
The top 5 GO terms for each GRN network were plotted in extended Fig. 5c . 
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